Effect of Cr on the liquidus phase relations in the system
Mg2SiO4-CaAl2Si2O8-CaMgSi2O6-SiO2 in air at 1 atm Among the bounding joins of the Fo-AnDi-SiO2 (FADS) tetrahedron, the join Fo-Di-An (FAD), which has been considered to form ther mal divide in the basalt tetrahedra (Yoder and Tilley, 1962) , with a small amount of Cr was studied by Onuma and Tohara (1983) . They showed that the primary field of spinel expands with increasing Cr content at the expense of the anorthite primary field, and that the nature of thermal divide of this join is breached at the MgCr2O4 content between 0.2wt.% and 0.3 wt.% (Fig. 1) . In this study, at first, the effect of the addition of 0.2 and 0.3wt.% MgCr2O4 to (CaMgSi 2O8) with increasing Pc(MgCr2O4). fo, forsterite; di, diopside; an, anorthite; sp, spinel . has been examined (Tables 1 and 2 and Figs. 2 and 3) (preliminary study on the 0.3% MgCr2O4 join was made by Onuma (1984) ). As in the case of the FAD join, the spinel primary field is enlarged with increasing Cr content at the expense of the anorthite field, resulting in dis appearance of the piercing points of fo (forster ite)+ an(anorthite)+pen(protoenstatite)+liq uid, which is present in the Cr-free FAS join, and appearance of the new piercing points fo+ pen+sp+liquid and pen+sp+cr(cris tobalite)+liquid.
The data at low tempetratures indicate that the spinet disappears by the reaction with liquid to form protoenstatite. The reaction temperature seems to depend on the composi tion of the starting liquid. Judging from the X-ray diffraction patterns, the spinel is a solid solution consisting of MgAl2O4 and MgCr2O4.
By analogy with spinel crystallized in the join CaMgSi2O6-CaAl2SiO6-CaCrAlSiO6 (Onuma and Tohara, 1984) , it is expected that the spinel crystallized in the present experiments contains at least 40wt.% Cr2O3. This is also expected in the spinet in the FADS system with Cr.
It is noted that the phase boundaries between the fields of forsterite and proto enstatite and those of protoenstatite and cris tobalite are not affected by the addion of Cr.
Liquidus Phase Relations in the Planes of Mg2SiO4-CaAl2Si2O8-SiO2-0.3wt.% MgCr2O4
with Different CaMgSi2O6 Content As already mentioned above, the addition of 0.3wt.% MgCr2O, (Pc=picrochromite com ponent) to the FAD join gives a significant effect to the fundamental phase relations. Therefore, the phase relations in the FADS system with 0.3 wt.% Pc (FAS-0.3 Pc system) have been studied to clarify the effect of Cr on this important petrologic model system. (CaO, MgO, Cr2O3, Al2O3, SiO2) , the system may actually be a part of quinary system. The number of crystalline phases, however, never exceeds four in any assemblage, and the tem perature stability range of the five-phase assemblage (four crystalline phases+liquid) is very small, and consequently this assemblage behaves like an isobaric invariant point in a quaternary system. The term in the quater nary system, therefore, is used with quatation ('invariant', 'univariant', etc.) .
Spinel, forsterite, protoenstatite, diopside, anorthite, and silica minerals (cristobalite and tridymite) were crystalline phases encountered in the present study. Spinel is a solid solution consisting of MgAl2O4 and MgCr2O4 as mentioned already.
Forsterite contains very small amount of CaO and Al2O3, less than 0.8 and 0.2 wt.% respectively. In the join MgSiO3-MgCr2O4, the sub solidus region less than 0.5wt.% MgCr2O4 was confirmed to consist of only orthopyroxene, indicating that the MgCr2O4 is incorpolated into the orthopyroxene structure as a solid solution (Onuma, unpublished data) . Judging from this observation, the protoenstatite in the FADS system with MgCr2O4 is also expected to contain Cr. In the X-ray diffraction of the quenched runs, the peaks of both protoenstatite and clinoenstatite were present. Usually clinoenstatite exhibits polysynthetic twinning, suggesting that this phase inverted from another high temperature phase, protoenstatite. This phenomenon was also confirmed in the analogous systems by Schreyer and Schairer (1961) (the system MgO-Al2O3-SiO2) and Onuma and Arima (1975) (the join MgSiO3-MgAl2SiO6), and they found that protoenstatite becomes larger in amount with increasing Al2O3 content of the mixture.
The join Di-Pc has been partially studied by Onuma (1982) with the result that the diopside one-phase field extends to 1.4 wt.% MgCr2O4. Onuma and Tohara (1983) (FADS-0.3 Pc) was constructed on the basis of the experimental data already stated (Fig. 6) . It is noted that the system FADS-0.3 Pc and the Cr-free FADS system (Presnall et al., 1979) are very different in the phase relations. The additions of Cr lead to the following results; the primary field of spinel is expanded and that of anorthite is reduced, forsterite and anorthite do not coexist at liquidus tempera tures but diopside and spinel do coexist, and the new 'invariant' points sp+fo+pen+di+liquid (point A in Fig. 6 ) and sp+pen+di+tr+liquid O 3) present. Therefore, the presence of a small amount of Cr in the petrologic model system lowers significantly the limit of stability pres sure of spinet lherzolite assemblage.
Another important aspect of the effect of additions of Cr is that the position of the invar iant point in the FADS system is possibly moved by the change of bulk Cr content in the system, because the primary field of spinel becomes large with increasing Cr content of the system.
If the liquid generated by the partial melting of the spinel lherzolite mantle has the composition of this point, Cr content in the mantle would give a significant effect to the composition of magma thus formed , because the amount of Cr in the present study is possible to be present in natural mafic and ultramafic magma.
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